Introduction
In recognition of the problem of climate change an international agreement was reached in 1997 in Kyoto on reducing greenhouse gas emissions, particularly CO2. However, more than a decade later a number of issues hindering the reduction of emissions have yet to be resolved. Major challenges still remain in securing the cooperation of all nations and effective (and efficient) collective action within and between nations. It would seem that one crucial issue impacting on unilateral attempts to fulfil national emissions reductions targets under the Kyoto Protocol is the impact of international trade on any one country"s domestic emissions generation. The problem is that the generation of emissions in producing goods and services to meet export demand is charged to the producing nation"s emissions account. Munksgaard and Pedersen (2001) highlight this issue, distinguishing between a "production accounting principle" (PAP) and a "consumption accounting principle" (CAP). The former focuses on emissions produced within the geographical boundaries of the national economy. This is what is accounted for, and what individual national governments are responsible for reducing, under the Kyoto Protocol. In contrast, the latter focuses on emissions produced globally to meet consumption demand within the national economy. This is what increasingly popular measures such as carbon footprints attempt to measure, and what many people regard as more appropriate, given that human consumption decisions are commonly considered to lie at the heart of the climate change problem. In a closed economy, with no trade in goods and services, emissions accounts constructed under the production and consumption accounting principles would, by definition, be equal. However, where there is trade and pollution is embodied in that trade through emissions generated in one region or nation to meet consumption demand in another, these need not be equal.
In recognition of this point, an extensive discussion on the allocation of greenhouse gas emissions is conducted in the literature (e.g. Wyckoff and Roop, 1994; Kondo et al., 1998; Munskgaard and Pedersen, 2001; Ferng, 2003; Bastianoni et al., 2004; Sánchez-Chóliz and Duarte, 2004; Mongelli et al., 2006; Hoekstra and Janssen, 2006) . In parallel to this discussion there has been a development of models and accounting techniques that are able to account for pollution embodied in trade, and this has mainly involved the use of input-output analyses. For example, Munksgaard and Pedersen (2001) identify a foreign "trade balance" in pollution as the difference between total emissions estimated on the basis of the production and consumption accounting principles, or more simply, the difference between the pollution embodied in exports and the pollution embodied in imports. They use inputoutput techniques in order to distinguish between emissions under the consumption and production accounting principles and, in turn, to estimate a CO2 trade balance for Denmark. Particularly in the ecological footprint literature, where focus is on accounting for emissions under the consumption accounting principle, input-output analysis has become increasingly common in the academic literature as a technique to measure and allocate responsibility for emissions generation (see Wiedmann et al., 2007, and Wiedmann, 2009 , for reviews). As explained by Turner et al. (2007) this would seem a natural development, given that the focus of consumption-based measures such as the carbon footprint is to capture the total (direct plus indirect) resource use embodied in final consumption in an economy. Input-output analysis is based around a set of sectorally disaggregated economic accounts, where inputs to each industrial sector, and the subsequent uses of the output of those sectors, are separately identified. Therefore, by the use of straightforward mathematical routines, the interdependence of different activities can be quantified, and all direct, indirect and, where appropriate, induced, resource use embodied within consumption can be tracked (Leontief, 1970, Miller and Blair, 2009 ).
However, there are several issues that are not fully addressed in the existing input-output pollution accounting literature. One is that appropriate data are not commonly available for full consumption accounting (which, in a globalised economy would essentially require a world interregional inputoutput accounting framework) and commonly have to be estimated. However, a second, and perhaps more fundamental, issue is that the extremes of the full PAP and CAP measures identified to date in the literature may not be appropriate for all pollutants or of practical policy interest. Linked to the latter point, another gap in the literature is that most applications to date have focussed on national economies and international trade. However, with increasing decentralisation of responsibility for setting and/or achieving environmental and other sustainability objectives, it is appropriate to extend the accounting focus to sub-national regional economies and the pollution content of inter-regional as well as international trade flows. This paper attempts to address this latter set of issues, by considering the application of environmental input-output accounting techniques for different regional case studies and different types of air pollutant. In the second section we introduce the analytical environmental input output framework and consider alternative treatments of the pollution embodied in trade flows. In the third section we apply input-output accounting techniques to the case study of CO2 emissions generated in and/or attributable to the UK regions (focussing on the two-region case of Scotland and the rest of the UK).
Following this we turn our attention a different geographical case with quite different policy concerns, focussing on the Midwest states of the US and ammonia (NH3) generation as an example of a non-GHG pollutant generated in a key trading sector of the regional economies therein (agriculture). The final section offers some conclusions and directions for future research.
The analytical environmental input-output framework

The basic interregional environmental input-output framework applied to pollution generation
We apply the interregional framework derived in Turner et al., (2007) to demonstrate an analytical IO method for enumerating the pollution content of trade flows. We begin with the standard, single region, Leontief inverse input-output equation (Leontief, 1970; Miller and Blair, 2009 
Thus, the matrix describes the intermediate demand for the output of domestic sector required by domestic sector for each unit of output from sector . is the identity matrix. The
Leontief inverse is defined as with elements , describing the amount of output generated in each sector for each unit of final demand for the output of sector .
This standard input-output framework is augmented with a vector of output-pollution coefficients for a single pollutant or a matrix in the presence of pollutants. Taking the multiple pollutant case, total pollution generation in production is defined as:
where is a vector, with element , where , representing the physical amount of pollutant generated within the economy through the production of the vector of gross outputs, .
is a matrix where element is the amount of pollutant per unit of gross output in sector .
In the analysis presented here, for simplicity we assume , and is a single pollutant (CO2 in the UK case and NH3 in the US Mid-West case below).
Substituting equation (1) into equation (3) produces:
which relates the vector of total pollutants generated in production to the vector of final demand. Turner et al. (2007) extends this single region framework to the case of two or more regions, and producing and consuming regions. For simplicity of exposition, we state the framework in terms of two regions but it is straightforward to extend to the multi-region case. Now
Final demand is presented as a matrix with separate elements for: local final demand in region 1 for commodities produced in region 1 local (exogenous) final demand in region 2 for commodities produced in region 2 ; direct exports to exogenous final demand in region 2 of commodities produced in region 1 (endogenous intermediate export demand in region 2 for region 1 commodities is given by ); and direct exports to exogenous final demand in region 1 of commodities produced in region 2 . Thus, is an vector giving output of sectors in region generated by the consumption demands (domestic and imports) of region . Equation (1) can therefore be presented for the (2-region) interregional case as:
Here, is an vector giving output of sectors in region generated by the consumption demands (domestic and imports) of region .
Each region has production sectors where each sector i produces only one commodity j. Sub-matrices therefore contain elements , describing the transactions between production sector in producing region and consuming sector in consuming region , for each unit output of sector in region . is the partitioned interregional Leontief inverse (multiplier matrix). Using a similar notation to that used for the single region model, is the output required in industry i in region r per monetary unit of final demand for industry j in regions s. Thus by partitioning the -matrix so as to identify intermediate inputs production in the own and other region(s), and by separating the vector final demand into commodities produced in the own and other region, it is therefore possible to identify how exogenous demand in one region affects activity in (each) other region.
As for the single region case, this framework can be extended to consider the issue of pollution spillovers between regions. Equation (5) is augmented with vectors of output-pollution coefficients for a single pollutant (again, this could be replaced by a matrix in the presence of pollutants). Each output-pollution vector shows the direct pollution intensity of output in each production sector for an individual region, r:
The first subscript on each element of Equation (6) identifies the producing region, , and the the consuming region, . is that sub-matrix of the partitioned Leontief inverse that gives the total impact on the output in the producing sectors on region r per unit of final demand for output in region s. is a scalar representing the amount of pollution generated in production activities in region to support region final demand. Thus tells us the amount of pollution that is used in production activities in region r to support final demand in region r. is the amount of pollution that is used in production activities in region s to support final demand in region r, and so on. 
By summing the partitioned matrices in Equations (6) and (7), it is possible to measure all emissions in regions that are attributable to final consumption demand in each region for the outputs of the other region(s). For example, total emissions generated in region 1 (emissions generated within region 1 under the production accounting principle, PAP) are found by summing along the first row of each matrix so that:
And total emissions in both regions 1 and 2 that are attributable to region 1 final consumption demand (emissions under the consumption accounting principle, CAP) are found by summing down the first column of each matrix so that:
In accordance with the Munksgaard and Pedersen's (2001) consumption accounting principle, region 1"s pollution "trade balance" with region 2 is calculated as the difference between Equations (8) and (9), and the corresponding calculations for region 2 are carried out using the second row and column of the f matrices in (6) and (7). This means that the pollution "trade balance" is given by:
In the framework outlined above, the treatment of interregional trade between regions 1 and 2 is in accordance with the consumption accounting principle, such that total pollution generation within the geo-political area covered by these regions is attributed to consumption demand therein. Thus, if data are available to state the system to encompass all (direct and indirect) trade partners of all regions included, (9) would give the full pollution "footprint" (e.g. the carbon footprint) of region 1.
Within the framework outlined above, it is also possible to decompose the structure of the pollution supported by different types of final consumption in each region (household and government consumption and capital formation, as well as any external demands from outwith the system -see below) and the specific sectoral outputs that are consumed (i.e. pollution generation in sector i in region r supported by final consumption group z in region s).
Treatment of external (international) trade
If all regions/countries that the target region trades (directly or indirectly) with are not accounted for in the system in (6) a decision must be made on how any external trade is dealt with. Generally, inputoutput tables for any target region, r, will record export demand from other regions and/or the rest of the world for each sectoral output, j, as a column or columns within the Y matrix. However, this will usually only identify the destination region (e.g. the Scottish input-output tables report two columns for total exports from each production sector to the rest of the UK and the rest of the world respectively), but not the using/consuming sector/final consumption group therein. Moreover, there will generally be a corresponding row reporting imports from the other region(s), but only in terms of the total value of imports to each sector i and final consumption group, z, not the sectoral outputs, j, produced in each other region r, that are used/consumed.
Where data are available to identify or estimate the full and matrices/vectors, and corresponding pollution intensity vectors, (and, where appropriate, ) for trade partners (as has been possible here for Scotland and the rest of the UK, and the five Mid-West states and RUS) equation (6) can be populated and estimates under both PAP and CAP and the corresponding pollution trade balance can be determined using equations (7)- (9). However, as explained by Turner et al. (2007) , in the presence of extensive global trade, one is likely to effectively require a world interregional input-output framework, identifying all of the target region"s direct and indirect trade partners and differences in production and carbon emitting technologies therein (see also Andrew et al., 2009 ).
Moreover, even if it were possible to identify such a database to analyse the resource requirements of final consumption in the region of interest, there are also issues relating to jurisdiction and policy concern with regard to different types of pollutant that may make it appropriate and/or desirable to adopt an alternative approach. For example, Turner et al (2011a) argue that one issue with focussing on the CAP measure in (9) decisions regarding production technology and resulting resources used/pollution generated in the regions/countries that the target region directly or indirectly imports from, are likely to lie outwith the jurisdictional authority of government in the region whose consumption behaviour is under examination (on issues of jurisdiction see also Peters and Hertwich, 2008) . Therefore they propose an alternative extension of the system in (4) that focuses on uni-directional trade flows (imports to the target region only, dropping exports from final consumption, y, in order to focus on domestic consumption only) but only considering input to production decisions in the target region only, and the pollution technology that would apply if the target region produced all inputs domestically:
(where * denotes a transpose vector, and with total final consumption by each final consumption group, z, generally collapsing to households as in (7) above). The system in (10) requires only data on imports in input-output matrix format in addition to the single region framework in (4) but allows estimation of a CAP measure under a "domestic technology assumption" (see also Druckman et al, 2009 ) that regional policymakers are likely to have more control over. However, here, due to the availability of data provided by colleagues at OECD on the country/region source of UK imports from the rest of the world and corresponding CO2 intensities (see Turner et al, 2011b) , along with regionspecific CO2 data for each region examined, in the empirical analyses reported below we relax the domestic technology assumption to attempt to estimate actual carbon footprints. This involves replacing vector with the 1xN vector , of weighted direct pollution intensities for each commodity output j, where the weights attached to the direct carbon intensity of output in each producing country, r, given by the share of commodity output j from region/country r in total region s use of commodity output.
Of course (10) does not capture interregional feedback effects or multiplier effects in the region(s)
that the target region imports from. Where this is desirable for some sub-set of regions that the target region trades with (for example, for a group of regions within a single national economy), it is possible to utilise both (6) and (10), using the former to consider intra-national trade and the latter for international trade. We adopt a mixed approach for the case of Scotland and the rest of the UK below.
The other issue raised above is that policy concern with regard to different types of pollutants may mean that the full interregional approach applied to all trade as in (6) is not appropriate, desirable or useful. For example, McGregor et al (2008) argue that where national pollution targets under the Kyoto Protocol and/or Copenhagen Accord relate to emissions generation within national borders, it may be appropriate to consider intra-national trade under the consumption accounting principle using (6) but apply the production accounting principle to trade with ROW. This may involve one of two approaches. First, (6) could be calculated including exports to ROW from each region, r, within their own pollution account as part of and , but with no consideration of the pollution implications of imports. Second, (6) could be adjusted to consider the domestic (rather than global) pollution implications of the region"s import requirements by considering the pollution involved in export production that finances imports through the nation"s current account.
McGregor et al (2008) Thus, when (6) is calculated for the extended system with trade endogenised, this means that each individual (production or consumption) sector that imports from ROW will be attributed the pollution embodied in the share of total national domestic export production required to finance these imports.
Because the production accounting principle is applied at the national level, no attempt is made to estimate the pollution embodied in imports (i.e. pollution generated elsewhere in the world to support regional consumption demands within (6)). Instead, the TELAS approach focuses on pollution generated within the national economy to support consumption therein.
McGregor et al (2008) conduct input-ouput analyses under both PAP and CAP principles for the case of Scotland and the rest of the UK (RUK) in 1999 in a 3-sector (or 4-sector, including Trade, in the case of TELAS), 2-region framework. 1 Below, we update the Scotland-RUK case to 2004 with a 6-sector, 2-region framework. However, we do not apply TELAS in the UK case. Instead, with the UK case focusing on the key greenhouse gas CO2, we consider a CAP application using a combination of (6) and (10). In doing so, we do not make the argument that TELAS would be inappropriate (UK national CO2 targets are still set in terms of PAP rather than CAP). Rather, we attempt to extend McGregor et al"s (2008) analysis to consider the implications if some form of CAP measure were also adopted for the UK. We consider the application of the TELAS approach in a different geographical and policy context. This is the generation of acid rain precursors, the emissions of which, while impacting over relatively large geographical areas, are generally considered in terms of direct emissions within a national context. We consider the case of emissions of a single non-GHG air pollutant, ammonia (NH3), generated mainly as a result of agricultural production activity, the reduction of which is considered to be particularly challenging (Kaiser, 2001) Tables 1 and 2 .
<Insert Tables 1 and 2 around here> Table 1 shows that broadly Scottish emissions intensities are not greatly different from the UK averages except in the case of Energy (which includes gas and electricity distribution), where the CO2-intensity of the Scottish sector is significantly lower than the UK average (due to the greater use of renewable electricity generation technologies), and extraction, quarrying, construction and water supply activities, where the Scottish CO2 intensity is markedly higher (largely due to the differential composition of activity in the aggregate sector). Table 2 shows the sectoral generation of CO2 in at the regional and national level, where just over 8% of UK emissions are directly generated in Scotland.
However, we can get a better understanding of the regional structure of CO2 generation, and of the extent of CO2 "trade" between Scotland and RUK by estimating equation (6) Protocol and Copenhagen Accord). Table 3 shows the scale of the CO2 "trade" (or "spillovers") that occur between Scotland and the rest of the UK. Of the total CO2 generated in the UK directly or indirectly as a result of conventional Scottish final demand expenditures, just over 30% (16.2 million tonnes of CO2 measured as CO2 equivalent) is generated in RUK (i.e. not in Scotland). A similar proportion of CO2 generated in Scotland is to support, directly or indirectly, RUK final demand (15.5 million tonnes, just under 30%).
Also note that Scottish exports to the rest of the world, which produce no direct CO2 outwith Scotland, still 2.6 million tonnes of CO2 in RUK as a result of the indirect impacts of the production of intermediate inputs.
<Insert Table 3 around here>
The sectoral distribution of direct CO2 generation in each region is shown in the final column of Table 3 . Along each row, we can see how this breaks down by final consumption demand in each region (including both domestic regional demands and also ROW export demand for each region"s output). The largest share of CO2 embodied in trade flows between the two regions is embodied in trade in Energy sector outputs, which is not surprising given the pollution intensity of this type of production. While Energy production is less CO2-intensive in Scotland (see Table 1 ), emissions embodied in production to support RUK demands, 8.9 million tonnes (including the 1.7 million tonnes supported by ROW demand for RUK outputs) accounts for just under 17% of total CO2 emissions in Scotland. Next to Energy, trade in aggregate Manufacturing outputs is the next most important accounting for 21% of CO2 embodied in Scotland to RUK trade and 28% in the other direction.
At the bottom of Table 3 , note that there is a negative CO2 trade balance for Scotland, implying that the pollution generated in Scotland by production supporting RUK final demands is less than the pollution generated in RUK by production supporting Scottish final demands. However, the Scottish CO2 trade deficit (-0.7 million tonnes) is relatively small, accounting for just 1.25% of total CO2 generated in Scotland. Moreover, Turner et al (2011b) identify how this "deficit" relationship is driven by the fact that cleaner electricity generation technology in Scotland (incorporated in the Energy sector here) reduces the level of CO2 embodied in exports to RUK, rather than Scottish imports being particularly CO2-intensive.
However, if we wish to consider CO2 emissions attributable to regional consumption demands under a full consumption accounting principle, CO2 embodied in exports (to other UK regions and/or to ROW) should not be included. Rather, if policy and public interest shifts to measuring the "carbon footprint" of rather than just domestic emissions within a region or country, the focus should be focussed on emissions required anywhere in the world to support regional demands. In Table 3 we have used equation (6) to calculate emissions within the UK required to support Scottish consumption (44.4 million tonnes) and RUK consumption (454 million tonnes) respectively. Note that, in removing emissions required to support ROW demands, we have a "carbon footprint" figure that is less than CO2 generation under PAP at both regional and national level. However, no account has been taken of emissions embodied in imports from ROW. In Table 4 , we use equation (10) to estimate this.
<Insert Table 4 
around here>
The first thing to note is that the CAP figures in Table 4 are considerably higher than the PAP figures in To compare in absolute terms, the results may be scaled to reflect the fact that Scotland is a much with a deficit at the RUK and UK level. That is, it reflects the composition of Scottish imports from ROW and the corresponding CO2 intensity.
As Turner et al (2011a) discuss, the issue of whether a shift to CAP rather than PAP measures would be feasible and appropriate is a complex one, given that production technologies (and their pollution intensity) employed in other countries are both difficult to identify accurately and likely to outwith the jurisdiction of regional/national policy makers. However, CO2 is a greenhouse gas and climate change is a global problem so it would seem appropriate to develop accounting frameworks such as the IO one introduced here to examine CAP emissions at least alongside PAP measures. In the case of 7 Note that throughout the analysis here we use UK Environmental Accounts data that include emissions from UK aviation and shipping.
non-GHG pollutants which have more localised impacts, on the other hand, alternative measures may be more appropriate and informative. Table 5 .
<Insert Table 5 around here> Table 5 shows that in all six regions identified the most NH3-intensive activity is Agriculture, Forestry and Fisheries. However, as noted above, it is agricultural production, particularly involving the use of fertilizers and/or livestock operations that is the main source of NH3 emissions. Note that,
with an NH3-intensity of just over 33 tonnes per $1million output, the agricultural activity in the state of Wisconsin is the most intensive in the production of this pollutant. This is due to the particular composition of agricultural activity: the Wisconsin profile from the 2007 US Census of Agriculture 9
shows that Wisconsin is the second largest US producer of "milk and other dairy products from cows", "other animals and animal products" as livestock operations, and the largest producer of "corn for silage", which involves the use of fertilisers.
The first numerical column of Table 6 shows the physical amount (in tonnes) of NH3 directly generated in Agriculture (the Agriculture, Forestry and Fisheries sector) relative to the all other sectors (the other nine from Table 5 ) identified. Note that in all six regions identified at least 80% of NH3 emissions are from agricultural sources and in the case of Wisconsin this rises to 98.4%. Policy tends to focus on the direct sources of these emissions. However, as in the case of CO2 above, inputoutput methods can be used to understand the structure of the pollution generation problem in terms of the sources of demand driving these emissions. Therefore in Table 3 we apply equation (6) for the R=S=6 region, N=10 sector case to attribute NH3 emissions to exogenous final demands originating in each of the 5 Midwest states, RUS and ROW.
<Insert Table 6 around here> <Insert Table 7 around here> However, in understanding the structure of the NH3 problem, and the nature of the economic activity that gives rise to it, perhaps the most interesting result is that a large share (19.6%) of NH3 generated in Wisconsin, and just under 20% of agricultural emissions, is supported by consumption demand outside the US. In this respect, reading down the second last column of Table 6 , observe that Table 7 shows that Wisconsin overall import requirement relative to its export production is also relatively low. That is, it exports far more (with a value of $37.5billion in 2007, of which 27.4% were from the Agriculture, Forestry and Fisheries sector, the highest share across the states in Table 7 ) than it required to finance its own imports (which were valued at $13.7billion). It is in this context that the TELAS approach discussed above may prove useful. In Table 8 we repeat the analysis using equation (6), but this time endogenise trade with the rest of the world under the assumption that exports (inputs to a new US-level "Trade" sector) are produced in order to finance or facilitate imports (the output of the new Trade sector) to support final consumption demands within the US.
<Insert Table 8 around here>
The results in Table 8 reflect the fact that all five Midwest states have relatively low import to export ratios. In Table 8 the NH3 emissions in each region that are attributed to ROW in the Type I analysis in Table 6 are essentially reallocated pro rata to the sectors and final consumers in each region that import. From this viewpoint, the cost of imports, both in economic and environmental terms (with the latter focussing here on NH3 emissions), is the examined in terms of cost and environmental damage (e.g. soil acidification) associated with the exports that production sectors in each region have to provide to pay for US imports. Again taking the example of the Wisconsin agriculture row, if we compare the results in Tables 6 and 8, observe that while there are small increases in the percentage of emissions attributable to each of the Midwest states, the largest increase (from 27.8% to 44.6%) is in NH3 emissions generated in Wisconsin that are attributable to consumption demand in RUS. That is, almost half of NH3 emissions produced in this state are required to support final consumption activity (including imports) in the non-Midwest states. Similar increases and magnitudes for NH3 emissions supported by RUS consumption are observed across all five Midwest states.
In the case of a more localised pollutant like NH3, where environmental impacts such as soil acidification will be felt locally (and impact on the future economic costs of carrying out production activities), demand path analysis of the type that is facilitated particularly by the TELAS approach would seem to be of potential usefulness to policymakers. That is, the results in Table 6 suggest that the Midwest states are bearing a more than proportionate environmental cost (in terms of the impacts of a damaging agricultural pollutant) of consumption activity within the US as a whole. It may be quite rightly argued that the Midwest states are producing and trading based on their comparative (and resource) advantage in agriculture. However, the findings raise questions in terms of who should bear the costs of environmental damage in particular areas of the US to support consumption demands in the nation as a whole.
Discussion and conclusions
This paper uses input-output accounting methods to consider issues of pollution attribution from different accounting perspectives that may be useful to regional and national policymakers in considering climate change and other environmental policy objectives.
Input-output accounting techniques are already accepted, particularly in the economic systems and ecological economics literature as providing appropriate methods to track pollution embodied in complex economic interactions and supply chains. However, to date most applications have focussed on case studies for national economies and international trade. In the research reported here we take a more sub-national/regional level focus and consider what may be achieved using currently available/accessible data to provide analysis and results that may be useful in different jurisdictional contexts and with respect to different pollutants.
In the UK case study reported we focus on moving towards a full consumption accounting perspective for the main greenhouse gas, CO2, but using analytical techniques that could be applied to any greenhouse gas or other pollutant. However, in our US case study, where there is less policy focus on climate change issues, we consider what input-output accounting methods may offer in considering pollutants with more localised effects. We focus on agricultural pollution in the Midwest states (taking the example of ammonia, NH3), but our analysis using the TELAS technique may have wider applicability where concern is on domestic pollution generation. Here we argue that it may be useful to move away from focussing solely on the production source of pollutants to consider the domestic consumption demands that ultimately drive polluting activity in the context of accounting for the full domestic resource costs of domestic consumption behaviour.
We close with two notes of caution and priorities for future research. First, as has been highlighted throughout this paper, there are issues of data availability for, particularly consumption-focussed, pollution accounting. This problem is not limited to input-output analysis and there is a need for research and policy communities to come together to identify and prioritise needs in economyenvironment accounting in general (for example consistent reporting classifications for economic and environmental data; consistency in reporting across trading nations/regions; availability of detailed bilateral trade data).
Second, input-output techniques are invaluable in accounting for and understanding the structure of pollution problems in a given time frame (that which input-output accounts are reported for).
However, the next step in policy analysis may be to consider the impacts of changes in economic activity on various pollution measures. As an accounting framework, input-output tables and inputoutput demand-driven multiplier techniques are absolutely appropriate for conventional pollution attribution analyses because they provide all the required information on pollution embodied in intersectoral interactions and interregional trade flows. However, as a model of how the economy moves from one equilibrium to another in response to a marginal change in activity, input-output is unlikely to be appropriate because it is only a very special case of a wider set of general equilibrium approaches. Where there is a need to model the impacts of changes in activity, particularly where there are likely to be changes in supply-side behaviour, it is appropriate to consider more flexible and theory-consistent approaches, such as the sider set computable general equilibrium techniques of which input-output provides a limiting case (see, for example, Bergman, 2005 , for a review). 
